Abstract Aspergillus lateral-flow device (LFD) was recently introduced as a practical tool for the diagnosis of invasive aspergillosis (IA). We investigated the performance of Aspergillus-LFD as a point-of-care test for the diagnosis of IA. Serum samples were collected twice weekly from patients who received intensive chemotherapy for acute leukemia, or recepients of allogeneic stem cell transplantation. Aspergillus galactomannan (GM) antigen,
Introduction
Diagnosis of IA is a challange in high risk hematology patients. Severe hypoxemia or thrombocytopenia usually limit the deep tissue sampling for culture which is the golden standard for the diagnosis. The well characterized serological tools such as galactomannan (GM) and 1,3-beta-D-glucan (BDG) need spesific laboratory equipment and experienced staff [1] .
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gokhanmetan@gmail.com; gokhanmetan@hacettepe.edu.tr 1 Aspergillus-lateral-flow device (Aspergillus-LFD) has been recently developed by Chris Thornton from the University of Exeter, UK. This test is an immuno-chromatographic assay which is based on the detection of Aspergillus antigen released during the hyphal invasion by a monoclonal IgG antibody JF5. It can be performed easily in bronchoalveolar lavage (BAL) fluid and serum specimens without any specific laboratory equipments, and the test result is available approximately in 15 min [2, 3] . A recent meta-analysis reported a sensitivity and specificity of 86 and 93 % in BAL fluid, and 68 and 87 % in serum for Aspergillus-LFD [4] . There are two studies which examined the performance of Aspergillus-LFD in human serum. A pretreatment protocol including EDTA treatment and heating was followed in both of the studies contrast to the initial recommendations as direct inoculation of human serum to LFD device [5] [6] [7] . In an animal infection model, there were no significant differences between the positivity rate either the serum was processed with the pretreatment protocol or not [8] . The direct inoculation of serum to LFD assay without any pretreatment enables Aspergillus-LFD as a promising point-of-care test at bedside. Here, we aimed to analyze the performance of Aspergillus-LFD as point-of-care test for the diagnosis of IA in high risk hematology patients.
Patients and Methods

Study Setting and Patient Selection
This study was conducted at the Erciyes University Hospital, a 1300-bed tertiary care centre in Kayseri, Turkey. The haematology ward has 30 beds and there is a 38-bed HSCT centre. The study was approved by the ethics committee of the Erciyes University Medical Faculty and patients were required to give written informed consent. Patients who had undergone chemotherapy for acute myelogenous leukaemia (AML), acute lymphocytic leukaemia (ALL), or allogenic Hematopoietic stem cell transplantation (HSCT) with an expected neutropenia period longer than 7 days were included in the study. AML/ALL patients who were previously included in the study and received an other cycle of chemotherapy after recovering from the first neutropenia episode or received allogenic HSCT were also included in the study for the second neutropenia episode.
Institutional Antifungal Prophylaxis and Febrile Neutropenia Follow-up Protocol
During the study period, fluconazole was the antifungal prophylaxis for patients receiving chemotherapy for ALL and recepients of allogeneic HSCT. Posaconazole prophylaxis was used in patients receiving remission-induction chemotherapy for AML. Patients who had a previous history of proven, probable or possible IA received voriconazole as secondary prophylaxis. Thoracic multislice computed tomography (CT) was performed in the case of neutropenic fever which does not resolve in 72-96 h or fever relapsing after 48 h of defervescence under broad spectrum antibacterial therapy, presence of any respiratory symptoms, and/or positive GM antigenemia. Additional examinations such as abdominal ultrasound, sinus or brain CT, or bronchoalveolar lavage (BAL) were performed when required. All CT images were independently reevaluated by an expert radiologist who was blind to the clinical status of the patients after the study was completed.
Sample Collection and Biomarker Testing
During the study period, patients were screened for GM antigenemia (Platelia Aspergillus ELISA; Bio-Rad Laboratories) twice a week as a part of routine care that were processed according to the manufacturer's instructions. The results were expressed in terms of the GM index. Cutoff level of 0.7 were used to define the positivity of the test [1] . Screening tests were started at the day of an absolute neutrophil count of \500/mm 3 until recovery of neutropenia or diagnosis of IFDs.
The serum samples that were used for BDG and Aspergillus-LFD testing were drawn at the same time when blood were drawn for routine GM screening. All serum samples were separated, aliquoted and frozen at -20°C until Aspergillus-LFD and BDG testing. BDG levels in sera were assayed using the Fungitell kit (Associates of Cape Cod, East Falmouth, MA, USA) according to manufacturer's specifications. The cut-off was 80 pg/ml [1] .
The serum samples from patients with radiologic evidence of IA were re-tested by a modified methodology which was previously proven to increase the sensitivity of GM antigen detection [9] . Serum samples which were drawn closer to the radiologic diagnosis IA and a number of serum samples from patients without IA were tested (1-10 ratio) with modified protocol.
For Aspergillus-LFD testing, the serum samples were thawn at room temperature, mixed by vortexing and centrifuged for 1 min at 14,000 rpm before testing. Tissue culture medium (TCM) which consists of RPMI-1640 medium, 10 % (v/v) fetal calf serum, 1 % (v/v) of 200 mM L-glutamine solution, and sodium azide (0.02 % w/v) as preservative was prepared. The serum was diluted with TCM (1:1), and 100 ll serum was applied to the release port of the device by using a sterile pipette tip. Then tests were allowed to run for 15 min at room temperature. Results were recorded as weak positive, moderate positive, and strong positive. In the absence of the Aspergillus antigen, no complex was formed in the zone containing solid-phase antibody, and a single internal control line was observed. This result was recorded as negative for Aspergillus antigen [5] . All tests were performed twice. An amount of 100 ll BAL fluid was tested without any pretreatment [5] . Different concentrations of BAL fluid were also tested to observe the role of sample volume on the results.
Two users independently check each LFD device in a blinded fashion. Concurrent results were recorded, whereas incongruent results were ratified by a third user. The researchers who carried out the tests were blinded to the patients clinical situation, and results of GM antigen test performed as a part of routine patient care.
Definitions for Invasive Fungal Disease and Response to Antifungal Therapy
The European Organization for Research and Treatment of Cancer and the Mycoses Study Group (EORTC/MSG) criteria were used to categorize the patients as having proven, probable, or possible IA [10] . Response to systemic antifungal therapy was assessed based on EORTC/ MSG consensus criteria at the time of discharge from the hospital. Success was defined as radiological stabilization (defined as 25 % reduction in the diameter of the lesion), resolution of all attributable symptoms and signs of IA [11] .
Statistical Analysis
For statistical analysis, patients with radiological evidence of IA were considered as true-positive cases, and patients without any radiological evidence of IA were considered as true-negative cases. Performance parameters for each assay were determined by construction of 2 9 2 tables with true positives being cases, with degree of certainty as defined by the EORTC/MSG possible IA, and true negatives being controls with no EORTC/MSG evidence of IA. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for the all assays. Serum samples from patients with fungemia were excluded from the statistical analysis performed for BDG because positivity of serum BDG during fungemia can not be labeled as true or false positive when evaluating the performance of BDG for IA. All statistical analyses were performed using MedCalc for Windows, version 11.5.1.0 (MedCalc Software, Mariakerke, Belgium).
Results
A total of 75 neutropenia episodes in 64 patients were prospectively followed between February 2012 and January 2013. Median age of the patients were 41-years (range 18-69 years), and 34 of them were female. The underlying hematological disease was AML in 38 patients, ALL in 24 patients, biphenotypic leukemia in 1 patient, and aplastic anemia in 1 patient. Seven out of 24 patients with ALL, 5 out of 38 patients with AML, and 1 patient with aplastic anemia received allogeneic HSCT. Antifungal propylaxis was posaconazole in 31 neutropenia episodes, fluconazole in 42 neutropenia episodes, and voriconazole was used as secondary propylaxis in two neutropenia episodes.
Three patients were diagnosed as probable IA. Nine patients were diagnosed as possible IA with radiological findings.The most common radiological lesion was halo with a nodule. One patient was diagnosed as rhinocerebral aspergillosis When the modifed GM results were taken into account, 12 patients had probable IA (Supplement 1).
Aspergillus-LFD was strong positive in the serum of one patient with probable IA. While GM antigen carried out with standard methodology was negative in this patient, BDG and GM antigen carried out with modified procedure were also positive. The consecutive serum samples from this patient were as strong positive result from the first sample which was followed by a moderate positive serum, and the consecutive serum sample became negative under antifungal therapy. Aspergillus-LFD was false positive in serum of two patients (one strongly positive, the other weak positive) without any radiological evidence of IFDs. One of these patients was receiving induction chemotherapy for AML under posacoconazole prophylaxis. BDG was also positive in the serum sample which gave strong false positive for Aspergillus-LFD. Although there was no radiological finding of IA or documented fungemia, fever resolved after empirical caspofungin therapy. The consecutive serum samples obtained under caspofungin was weak positive and became negative. Due to the limited kit stock we were able to test only ten serum samples from patients with probable IA by using a pretreatment procedure at the end of the study [5] . There were two positive results. One serum sample which was obtained from a patient with previous negative Aspergillus-LFD gave a moderate positive reaction. Also, the serum sample which was positive without any pretreatment was positive when tested after pretreatment.
Aspergillus-LFD carried out in BAL fluid of a patient with thoracic lesions concordant with IA was moderate positive despite 2 days of mold active antifungal therapy. Radiological lesions were completely healed after a long course of liposomal amphotericin B followed by oral posaconazole (Fig. 1) . We get the best visible band for BAL fluid when the sample was centrifugated at 14,000 rpm for 3 min and 100 ll was applied to the device (Fig. 1) .
Blastoschizomyces capitatus fungemia was detected in a patient with AML receiving posaconazole prophylaxis, and non-albicans Candida spp. was isolated from a patient with ALL who was under empirical caspofungin therapy. BDG was [80 pg/ml at an avarage of 1 week before the results of the blood cultures were available in patients with fungemia.
A total of 354 serum samples were included in the statistical analysis. The sensitivity of Aspergillus-LFD, GM, and BDG were as 13.7, 35.7, and 53.5 %; the specificity of Aspergillus-LFD, GM, and BDG were as 99.1, 99.6, and 76 % (Table 1) .
To analyze the diagnostic performance of modified GM procedure, we tested 13 serum samples from patients with radiological evidence of IA, and 130 serum samples from patients without IA. The sensitivity, specificity, positive predicitive value (PPV), and negative predictive value (NPV) were as; 92.3 (95 % CI 62.1-99.6), 97.6 % (95 % CI 92.3-99.4), 80 % (95 % CI 51.3-94.6), and 99.2 % (95 % CI 94.9-99.9).
When we analyzed the factors potentially related to false positive BDG; presence of bacteraemia, erythrocyte infusion, platelet infusion, use of leukocyte filters, and albumin infusion were not found to be related with false positive BDG ( Table 2) . None of the patients included in this study were diagnosed as Pneumocyctis jiroveci pneumonia (PCP) or received treatment with suspicion of PCP which can cause BDG positivity.
Discussion
In this study, we were able to identify Aspergillus-LFD positivity only in serum of one patient with probable IA and in BAL fluid of another patient with probable IA. When we carried out Aspergillus-LFD in pretreated serum from patients with probable IA, we were able to identify one more positive result in one of the serum samples. However, the tests with pretreatment procedure had a limitation with the shelf-life of the device. Aspergillus-LFD has a shelf-life of 1 year [5] , and the tests were carried out nearly 1 year after supplying the kits. When we compare our findings with the previously published studies which pretreated the serum before Aspergillus-LFD [6, 7] , it is clear that pretreatment increases the sensitivity of Aspergillus-LFD in the diagnosis of IA. However, the pretreatment protocols in two studies were different, and apart from the pretreatment procedure, White et al. [7] , determined Aspergillus specific test line in a period 10-20 min while this period was 15 min in the study by Held et al. [6] . These findings suggest that further studies are requried to optimize the methodology for Aspergillus-LFD for testing serum samples.
One of the promising findings of our study is the very rare false positive results for Aspergillus-LFD. This suggest that whenever a positive results is obtained, this should trigger the diagnostic and therapeutic pathways.
GM (carried out with the standard procedure) was negative in serum of 10 out of 13 patients with radiological lesions concordant with IA (supplement 1). When we repeated GM with the modified methodology, the sensitivity increased from 35.7 to 92.3 % and observed a slight decrease in the specificity from 99.6 to 97.6 %. Only three serum samples from patients without IA were false positive at a threshold of C0.7 with the modified procedure. Our findings confer the statement of possible IA as early aspergillosis resulted from the re-analysis of big drug trials according to revised EORTC/MSG criteria [12, 13] . In patients with pulmonary IA the halo sign on a CT scan was reported to be the first reliable sign of IA, with a low sensitivity (33 %), but high specificity (93 %) [14] . The radiological finding was halo with nodule for nine patients with IA and the early CT screening in 72-96 h for patients with persistent fever can be the reason for detecting the cases without any biomarker positivity in our study.
The major benefit of BDG screening was early diagnosis of fungemia in our study. If BDG screening was part of the routine diagnostic algorithm, commencing early prompt antifungal therapy would be possible in these patients based on persistent fever and BDG positivity. However, cost-effectivity of this approach needs to be well The major limitation of our study was lack of proven cases of IA. This was also the case in the two studies which report promising results for Aspergillus-LFD, the number of proven IA cases were only nine [6, 7] . Also, posaconazole prophylaxis in five patients with IA, can be an important limitation of GM screening and Aspergillus-LFD testing in our setting. A multicenter study with adequate number of patients with proven IA and with a methodology of real time testing from serum samples obtained from the patients without mold active prophylaxis will be helpful to establish the role of Aspergillus-LFD for the diagnosis of IA.
As a conclusion, none of the serological tools that are used to diagnose IA is perfect. Aspergillus-LFD is a candidate to replace or adjust the complex laboratory tests for the diagnosis of IA, however, there is a need for better standardization of the pretreatment procedure with further studies for serum samples. 
